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Abstract
With nutritional benefits, fruits are important part of human diets. These crops 
not only play an important role in nutritional security but also offer gainful 
employment and enhanced income to the farmers’ community. However, the abi-
otic stresses, encountered at critical growth stages, adversely affect their produc-
tivity. Further, climate change is likely to increase frequency, intensity, and 
duration of abiotic stresses. The main abiotic stresses affecting tropical fruit 
crops in India are the drought/water-deficit, high temperature, and salinity 
stresses. These stresses cause many morphological, anatomical, physiological, 
and biochemical changes ultimately impacting both their productivity and qual-
ity. Thus, thorough understanding of the adverse influence of abiotic stresses on 
different crop species is imperative for devising innovative horticultural practices 
for overcoming the adverse impacts. Timely intervention with appropriate 
 adaptation strategies would help in realizing sustainable yields. Practices like 
providing irrigation at critical stages, adopting micro-irrigation, use of growth 
regulators, soil mulching, amendments, and nutrient management need to be 
implemented for alleviating adverse effects. The advanced irrigation methods 
like partial root-zone drying (PRD) are another option for limited water condi-
tions. The inclusion of tolerant crops or cultivars and adoption of tolerant root-
stocks to graft the choice cultivars would further enable the farmers to overcome 
adverse effects of abiotic stresses. The focus should be on developing integrated 
crop-specific adaptation strategies. Integration of all available adaptation options 
would be the most effective approach in sustaining the production and productiv-
ity of fruit crops under abiotic stresses.
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18.1  Introduction

Horticulture sector, with diverse crops, has been a driving force for nutritive diet 
and enhanced income in Indian agriculture. Presently, its share in the agriculture 
GDP is more than 30%. India has witnessed voluminous increase in horticulture 
production over the last few years both due to substantial increases in area and pro-
ductivity. During the last decade, the annual growth in area under horticulture sector 
was about 2.7% and annual production 7.0%. During the year 2013–2014, the total 
horticulture production in the country was 283.5 million tons from 24.2 million ha 
area. The production of horticultural crops has outpaced the production of food 
grains since 2012–2013 (Anonymous 2015a). The special thrust given to horticul-
ture sector through the National Horticulture Mission (NHM) and Horticulture 
Mission for North East and Himalayan States (HMNEH) has paid rich dividends. 
The Mission for Integrated Development of Horticulture (MIDH) was launched 
during the XII 5-year Plan for holistic development of the horticulture sector.  
These concerted efforts resulted not only in increased production for domestic con-
sumption but also for export.

Horticulture provides employment opportunities, higher income, and nutritional 
security across various states of the country. The technology-led horticulture during 
the last two decades has made tremendous impact on production, productivity, and 
profitability of all horticultural crops. The Government of India has recognized hor-
ticulture crops as a means of diversification in agriculture in an eco-friendly manner 
through efficient use of land and natural resources. Fruits due to their nutritional 
benefits are highly valuable for humanity, and along with vegetables, they are part 
of everyday meals. Thus, fruits and vegetables contribute nearly 90% to the total 
horticulture production in India. Globally, India stands second in the production of 
fruits and vegetables (Anonymous 2015a). Fruit crops provide not only nutritional 
security but also livelihood security to the farmers.

In order to realize higher yields, the perfect match between climate of a region 
and the suitability of a particular fruit species to that region is very essential. The 
potential yield levels are seldom achieved due to the occurrence of various biotic 
and abiotic stresses. Worldwide occurrence of environmental stresses is the primary 
cause of crop losses, with average yield reduction by more than 50% for the major 
crops (Bray et  al. 2000). The majority of fruit crops are peculiar mainly due to 
perennial nature and deep root system. They undergo vegetative and reproductive 
phases during different seasons. The abiotic stresses coinciding with these pheno-
logical phases play a significant role in determining the duration of phenology and 
productivity. Further, under climate change and climate variable conditions, fruit 
crops are likely to face abiotic stresses quiet frequently. Hence, under such circum-
stances, meeting the increasing demand for fruits becomes challenging. Realizing 
sustained and enhanced yields under abiotic stress situations primarily depends on 
implementation of appropriate adaptation strategies. Hence, the adverse effects of 
abiotic stresses on important fruit crops and available adaptation options are dis-
cussed in this chapter.
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18.2  Impact of Abiotic Stresses

Though specific agroecological regions are sustaining the cultivation of fruit crops 
as niche areas, the variability in weather conditions during critical stages of crop 
growth and development causes heavy yield loss and affect fruit quality. Fruit crops 
face various abiotic stresses like high temperature, excess and limited moisture, and 
salinity stresses. These stresses occurring, either at intermittent or terminal stages of 
crop growth, in an agroecological zone play very significant role in determining 
phenology, growth, development, and consequently the productivity of horticultural 
crops. Global warming is likely to increase the frequency, intensity, and duration of 
excess and limited water and high temperature stresses (Bates et al. 2008). Climate 
change, with its influence on hydrological cycles leading to changed precipitation 
pattern, may affect the crop production than increases in temperature. The elevated 
temperatures would hasten plant transpiration and soil evaporation. These stresses 
either individually or in combination would significantly influence the production, 
productivity, and quality of fruit crops.

Environmental stresses during different developmental stages can cause morpho-
logical, anatomical, physiological, and biochemical changes (Ahmad et al. 2011). 
In order to develop timely and appropriate adaptation measures, a better under-
standing of the overall effects of abiotic stresses on fruit crops is required. Moreover, 
the interactions of abiotic factors with physiological processes, phenology, growth, 
and development are extremely important for devising innovative horticultural prac-
tices for overcoming the adverse impacts of various abiotic stresses.

18.2.1  Water Stress

Horticultural crops, due to high water requirement, are grown under assured irriga-
tion conditions, and the water-limiting situations adversely affect these crops. 
However, the timing, intensity, and duration determine the scale of water stress 
effects. In mango appearance of vegetative flushes is greatly reduced during water 
stress period. The water stress also causes reduction in number of leaves in a flush, 
the flush length, and leaf water contents. In mango water stress also plays an impor-
tant role in induction of flowering mainly through its influence on floral stimulus 
produced by mature leaves. Under tropical conditions, even though the prevailing 
temperatures are not as low, water stress for a brief period induces flowering 
(Scholefield et al. 1986). Through its inhibitory influence on vegetative flushing, 
water stress may provide more time for accumulation of floral stimulus (Schaffer 
et al. 1994). The advancement of floral bud break by nearly 2 weeks and floral bud 
growth and postponement in development of vegetative buds were observed under 
water stress (Whiley 1986; Nunez-Elisea and Davenport 1994; Schaffer et al. 1994).

Another important fruit crop, grapes, encounters frequent moisture stress condi-
tions. It undergoes several morphological and physiological changes under water 
stress. Grapevines are considered as relatively tolerant to water stress due to large 
xylem vessels in comparison to other crops (Serra et al. 2013). The roots keep on 
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growing and exploring deeper soil layers for moisture under water-limiting condi-
tions, but under adequate water supply, these remain confined to topsoil layer 
(Bauerle et  al. 2008). The vines adapt to water scarcity conditions not only by 
enhancing root length but also reducing the shoot growth (Hardie and Martin 2000). 
Higher proportion of new roots was observed in different soil layers during dry and 
hot seasons for increasing the water uptake (Serra et al. 2013).

Field studies have shown that the bananas are quite sensitive to soil moisture 
stress. The carbon assimilation is affected as stomata close to conserve leaf water 
(Thomas 1995). Flowering stage is reported to be the most sensitive in banana. In 
cultivar “Elakki,” the lowest yield was obtained when water stress was imposed at 
flower differentiation stage (Murali et al. 2005). In cv. Robusta, maximum reduction 
in yield was observed when stress was imposed during a 5-week period  immediately 
after flowering (Hegde and Srinivas 1989). In different cvs. Robusta, Karpuravalli, 
and Rasthali, water stress at flowering stage caused reduction in bunch weight to the 
extent of 42.07%, 25.0%, and 18.83%, respectively (Ravi et al. 2013). In papaya 
under field conditions, water-deficit stress treatment caused 50% reduction in leaves 
and significantly reduced number of flowers by 86% and fruit by 58%. The growth 
and development of papaya fruit was also retarded (Masri et al. 1990).

18.2.2  High Temperature Stress

High temperature stress is of concern in tropical and subtropical areas. It causes 
damages like sunburns on leaves, branches, and stems, leaf senescence and abscis-
sion, shoot and root growth inhibition, and fruit discoloration and damage (Almeida 
and Valle 2007; Wahid et al. 2007). The high temperatures encountered at various 
stages of crop growth and development affect various physiological processes. The 
plant carbon fixation through photosynthesis would largely determine the dry mat-
ter accumulation and distribution into various plant parts. Reproductive processes 
are also highly affected by heat stress in most plants (Wahid et al. 2007). High tem-
perature stress disrupts the biochemical reactions fundamental to normal cell func-
tioning, and it primarily affects the photosynthetic functions of higher plants (Weis 
and Berry 1988). Mango being a tropical tree, though adapted to both tropical and 
subtropical climatic conditions, endures a wide range of temperatures. The prevail-
ing temperatures determine the vegetative and flowering flushes in mango. Due to 
episodic vegetative flushes in a mango tree, the interaction of plant and environmen-
tal factors controls the synchronization of growth phases. Higher temperatures lead 
to stronger vegetative bias under sufficient nutrient and water availability (Laxman 
et al. 2016). Floral induction in mango is temperature dependent (Davenport 2007) 
and is triggered by temperatures below 16 °C (Schaffer et al. 1994). Floral induction 
occurred at 15 °C day and 10 °C night temperatures whereas vegetative induction at 
30 °C day and 25 °C night temperatures (Whiley et al. 1989, 1991). Panicles that 
developed during the prevailing low temperatures usually had higher proportion of 
male flowers (Singh et al. 1974), and the panicles emerging late experiencing higher 
temperatures had higher percentage of hermaphrodite flowers (Ramaswamy and 
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Vijayakumar 1992), signifying that the proportion of male and hermaphrodite flow-
ers change with the prevailing temperatures. Thus, the sudden changes in tempera-
tures due to climate variability would influence not only the vegetative and 
reproductive cycles but also proportion of female flowers in the panicle, leading to 
effects on productivity.

In wine grapes, each cultivar grows in a suitable range of temperatures, and for 
each cultivar, it is possible to define climates for premium wine production (Jones 
2008). The adaptability of cultivars enables the production of fruit crops over a rela-
tively large range of climates. The high temperatures advance harvest times in 
grapes with higher sugar concentrations, low acidity, and alterations in aroma com-
pounds. The extreme hot temperatures may affect wine aroma and color through the 
effects on metabolism (Mira de Orduna 2010). The high temperatures also affect 
banana growth and production. The leaf production and relative leaf area growth are 
affected beyond 33.5  °C. The relative growth rate and dry weight increment are 
sustained till 39.2 °C (Turner and Lahav 1983). Banana can relatively persist under 
prolonged water stress, but the combined effects of deficit soil moisture along with 
prolonged prevalence of temperatures beyond 35 °C can reduce banana production 
(Thornton and Cramer 2012). The prevailing high temperature episodes coinciding 
with critical phenophases would affect fruit crops to various magnitudes.

18.2.3  Salinity Stress

The area under salt-affected soils in India is 6.74 M ha with approximately 2.95 and 
3.79  M ha saline and sodic soils, respectively (Anonymous 2015b). In climate 
change situations, the crops would further be affected by salinity stress due to accu-
mulation of higher amounts of salts owing to high evaporation. The higher levels of 
chlorides and sulfates of calcium, magnesium, and sodium present in the soils 
adversely cause considerable damage to many crops. These dissolved salts in the 
root zone cause either osmotic stress to roots, or/and when taken up, the salt ions 
cause toxicity to plants. The accumulation of toxic ions in leaves leads to nutrient 
imbalance and lower uptake of major nutrients. This results in injury to leaves, inhi-
bition of growth, lack of fruit bearing, and consequently reduces yields.

Studies have shown that the saline conditions are not favorable for successful 
mango cultivation. The increase in irrigation water salinity caused the reductions in 
N, K, Ca, and Mg contents in leaves without affecting the contents of P and S. In 
banana, salt stress-induced necrosis is seen first in leaf margins and subsequently 
spreads to inner parts of the leaf. The salinity stress causes reduction in pseudostem 
thickness, delayed flowering, reduced finger size, and low-quality bunches (Ravi 
and Vaganan 2016). In grapes, also many physiological parameters, growth, and 
nutrient uptake are affected under salinity stress (Bybordi 2012). The papaya seed-
ling growth was not affected at 2 dS m−2, growth was reduced by 50 per cent at  
4 dS m−2, and mortality occurred at salinity levels >6 dS m−2 (Makhija and Jindal 
1983). Therefore, fruit crops respond differently to salinity stress and are affected to 
various degrees at different levels of salinity.
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18.3  Management Options

Successful cultivation of crops and attaining reasonable yields under abiotic stress 
situations mainly depends on the available adaptation options. The adaptation 
efforts would enable us to channelize concerted efforts for the holistic development 
of horticulture sector empowering marginal and small farmers. Majority of the 
fruit crops are perennial, possess deep root system, and undergo vegetative and 
reproductive phases during different seasons in a year. The long time horizon of 
perennial horticulture crops itself is a challenge. The quick adaptation strategies, 
like switching over to tolerant cultivars and changing planting dates or season, fol-
lowed in annual crops are not likely in perennial fruit crops. Hence, the choice of 
fruit crops should be guided by the suitability of a crop species and their varieties 
in a particular location. The planting and rearrangement of fruit orchards require 
long-term consideration. In addition, the preference for a choice variety of fruit 
delays  adoption of a new cultivar than an annual crop. Even the perennial habit 
slows the process of developing new varieties and limits the options for shifting 
varieties (Koski 1996). Thus, with these limitations, the adaptation of new varieties 
of fruit crops takes time and requires long-term considerations. Hence, the abiotic 
stresses in perennial crops need to be managed mainly through alterations in culti-
vation practices.

18.3.1  Modification in Cultural Practices

The alterations in cultivation practices help in effective management of abiotic 
stresses in perennial crops. In mango better tree growth, fruit retention, and fruit 
size and higher yields are realized under irrigation. The fruit size and yield increased 
in field-grown mango cv. Hindi with more frequent irrigation (Azzouz et al. 1977). 
The bigger size fruits and highest yield were obtained with 7-day irrigation interval 
(Larson et  al. 1989). Weekly irrigation during the first 6 weeks in cv. Dashehari 
reduced fruit drop compared with three weekly irrigation treatments (Singh and 
Arora 1965). Irrigation during the initial 4–6 weeks succeeding the fruit set is cru-
cial for attaining better fruit size and yield, as cell division and cell wall develop-
ment take place at initial stage (Whiley and Schaffer 1997). Since the occurrence of 
water stress immediately after fruit set increases fruit drop, protective irrigation is 
essential during the fruit development period (Anonymous 2014). Thus, providing 
irrigation at least during post-fruit set period under water-limiting conditions is very 
important for realizing sustainable yields.

Under water-deficit conditions, production practices that can improve water use 
efficiency would help in water saving and bringing more area under irrigation. 
Plastic mulching helps in reducing soil water evaporation and rainwater impact and 
provides effective weed control and congenial environment for soil microflora. The 
use of mulching enhances the production and quality of produce under water- 
limiting conditions. The production system employing drip irrigation, fertigation, 
and plastic mulching would help in realizing higher yields. During initial 
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establishment of mango plants in the field, under water scarcity situations, applica-
tion of 1.25 l of subsoil irrigation per day through pitcher placed one foot below 
ground and mulching with sugarcane thrash at 1.0 kg basin−1 is suggested for better 
establishment. Rainwater harvesting through opening of circular trenches around 
trees at a distance of 6 ft and 9 in. width and depth and mulching the trenches with 
dry mango leaves helps in retaining sufficient moisture in the soil during flowering 
and fruiting, resulting in higher yield (Anonymous 2014).

In bananas, genotypes belonging to Musa balbisiana group are reported to be 
tolerant to abiotic stresses. In regions with limited water availability, the cultivars 
like “Saba” (ABB), Monthan, (ABB), Karpuravalli (ABB), and Poovan (AAB) 
which are relatively drought tolerant than other cavendish clones like “Grand Naine” 
and “Robusta” could be an option (Ravi and Vaganan 2016). Under water-deficit 
conditions, 0.1 mM salicylic acid foliar spray at 250 ml plant−1 is suggested for 
banana. Foliar application of kaolinite (5%) during vegetative stage reduces the 
water loss through transpiration. Basin mulching either with black polythene or 
with plant residues can be followed to reduce water loss. Application of 5 kg rice 
husk ash or composted coir pith in the pit at the time of planting is recommended to 
increase the water-holding capacity in the rhizosphere (Anonymous 2014).

In grapes, providing subsurface irrigation and recommended surface drip irriga-
tion helped in saving 46.8 and 25.9% irrigation water, respectively. The irrigation 
water saving of 19.1–26.6% is achieved through partial root-zone drying (PRD) 
technique (Anonymous 2017). Mulching with 400 mm-thick black polyethylene 
film enhances water use efficiency and crop yield. The application of bagasse at the 
rate of 10 tons per acre (3″ thick layer covering root-zone strip) and spraying of 
Anti-stress (permitted biodegradable acrylic polymer) 4–6 ml L−1 at 30, 60, and 
90 days after foundation pruning and 30 and 60 days after fruit pruning resulted in 
reduction of 25% irrigation water requirement (Adsule et al. 2013). Crop residue 
recycling is suggested to build organic carbon reserves to improve soil health and 
water-holding capacity to cope with dry spells. Salt accumulation in the root zone 
due to excessive irrigation could be overcome through leaching by impounding 
excess water and use of soil amendments. Practices like incorporation of crop resi-
dues and green manure improves soil organic matter status and inturn soil structure 
and moisture-holding capacity. In situ moisture conservation using organic or inor-
ganic mulches could be practiced. Intercultural operations need to be reduced to 
minimize the moisture loss. The measures like contour cultivation and zero tillage 
help in situ soil moisture conservation. The establishment of farm ponds to harvest 
the runoff water and utilizing the same to provide protective irrigation in the pro-
longed dry spell period could be explored.

In salt-affected soils, planting of cooking banana cultivar Saba could be taken up 
(Ravi and Vaganan 2016). The crop management practices that enhance soil physical 
properties and nutrient and water availability in the active root zone would be advanta-
geous. The banana cultivar Nendran, which is sensitive to high salinity, showed no salt 
injury symptoms and recorded highest bunch weight of 10.33 kg when applied with 
2 kg Gypsum + 15 kg FYM with 120% K (450 g plant−1). The application of amend-
ment along with higher potassium helped in maintaining higher leaf K:Na ratio and 
alleviation of sodium salt stress in banana (Jeyabaskaran et al. 2000).
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18.3.2  Micro-irrigation

Systematic irrigation scheduling enhances water productivity largely because of 
improved efficiency and timing of water applications. Through the precise and 
direct application of water in root zone through drip irrigation, better crop growth 
and yield can be realized along with considerable savings in water. Drip irrigation 
method enables judicious use of available irrigation water in fruit orchards. Overall 
it saves up to 30–70% irrigation water and also helps in realizing higher yields by 
25–80% (Sikka and Samra 2010). Various studies have shown that the adoption of 
micro-irrigation systems increased yield. And productivity of fruit increases by 
42.3%. This resulted in improved water use efficiency, and an average irrigation 
cost has been brought down by 31.9%. This has helped the farmers to introduce new 
crops. However, in India, only around 8 Mha is under micro-irrigation, but the esti-
mated potential for micro-irrigation is around 69 Mha. Hence there is great potential 
for adaptation of this technology (Anonymous 2016).

Micro sprinkler irrigation not only helps in water saving to the tune of 20 to 30%, 
but during summer it helps in reducing temperature in the microclimate and 
increases the humidity, leading to better growth and yield. Micro-irrigation, because 
of high cost and intensive management constraints, presently is adopted in few 
crops. However, it offers a great perspective for water savings due to its advantage 
of precise application of water at the root zone, and also it is an extremely flexible 
irrigation method. It could be adapted to almost any crop production situation and 
climatic conditions. In situations where limited water is available, providing irriga-
tion during critical stages of the crop growth like active growth, flowering, and fruit 
enlargement is very essential. Micro-irrigation helps in achieving this feat and con-
servation of water under water-limiting conditions. Hence, appropriate management 
strategies are needed to solve the production problems.

18.3.3  Adopting Novel Irrigation Methods

In addition to drip irrigation and mulching, novel irrigation methods, like partial 
root-zone drying (PRD), could be adapted for production of fruit crops under water 
scarcity conditions. Partial root-zone drying is an irrigation water application tech-
nique alternating from one side of the plant to the other. This system purposefully 
imposes water stress to the plants at specific growth stages by providing limited 
amounts of plant’s daily water use. The production of ABA hormone and other 
chemical signals in the drying roots presumably reduces stomatal conductance and 
leaf growth (Gowing et al. 1990) thereby increasing water use efficiency. In mango 
orchards where water is a limiting factor, PRD may be the key for a sustainable 
production (Spreer et al. 2007). A frequent response of fruit trees to deficit irrigation 
(DI) is earliness in flowering. This stress-induced flowering is often explained in 
terms of a lesser resource competition with vegetative growth effectively restrained 
by water deficit in evergreen and deciduous fruit trees (Behboudian and Mills 1997). 
This tree response to DI has been successfully exploited to induce out of season 
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blooming and to increase the levels of flowering in many tropical and subtropical 
fruit crops. The average yields of 4 years were 83.3, 80.1, 80.8, and 66.1 kg tree−1 
when irrigated equal to ETc, RDI (regulated deficit irrigation 0.5 ETc), PRD (partial 
root-zone drying, 0.5ETc), and nonirrigated control, respectively. Further RDI and 
PRD were at par during normal rainfall years while PRD outyielded RDI during 
deficient rainfall years. The trees receiving PRD also bore bigger size fruits (Spreer 
et al. 2009).

Papaya can tolerate certain water deficit without substantial yield reduction. A 
30% water deficit induced through PRD and RDI water supply technique did not 
significantly affect vegetative growth and yield components as compared to full 
irrigation. Lima et al. (2015) confirmed that PRD technique improved papaya WUE 
through lower stomatal conductance without affecting the photosynthesis and 
growth characteristics. Subsurface irrigation in papaya also enhanced water use effi-
ciency (Srinivas 1996). In grape cultivar Thompson Seedless, subsurface irrigation 
(10 cm depth) produced not only higher yield (12.4 vs. 8.1 t ha−1 with surface drip) 
but also water productivity (28.9 vs. 18.8 kg grapes mm−1) (Sharma et al. 2005). 
Thus, a shift to these irrigation methods should help in substantial savings in irriga-
tion water.

18.3.4  Choice of Tolerant Rootstocks

In situations where there is a strong consumer preference for a select cultivar that is 
susceptible and if alternative tolerant cultivars are not available, the option of using 
rootstocks for better performance needs to be explored. Rootstocks with better root 
system, having capacity for enhanced water and nutrient uptake, could be used for 
grafting commercial cultivars to mine water from deeper soil layers. In grapes, cv. 
Pinot Noir on “101–14 Mgt” rootstock had higher CO2 assimilation, transpiration 
rate, and higher water use efficiency than on “3309C” (Candolfi-Vasconcelos et al. 
1994). Rootstocks, 110R, 99R, and 1103P, belonging to Vitis berlandieri x Vitis 
rupestris crosses, show increased water use efficiency (Satisha et al. 2006, 2007). 
The rootstocks such as Dogridge, Salt Creek, and Vitis champini clone showed 
 tolerance with reduced cytokinin level and increased ABA accumulation at 50% 
moisture stress compared to irrigated vines (Satisha et al. 2007). Rootstocks 110R, 
Dogridge, Salt Creek, and B2-56 though enhanced sugar and other compatible sol-
ute accumulation showed both moisture and salinity stress tolerance (Jogaiah et al. 
2014). Mango rootstocks exhibited differential response during water stress. The 
cultivars Starch, Peach, and Kensington required 7–9  days, whereas Mylepelian 
took 16 days to reach negligible photosynthesis rates during water stress. But upon 
rewatering, Starch, Mylepelian, Peach, and Kensington recovered in 1, 2, 3, and 
4 days, respectively (Laxman 2015). Thus, availability of different suitable root-
stocks enhances the farmers’ ability to manage abiotic stresses.

Although saline conditions have adverse effects on plant height, number of 
leaves, leaf area, and stem thickness (Ahmed and Ahmed 1997), the mono- and 
polyembryonic mango cultivars display differential tolerance to salinity stress. 
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Studies have demonstrated that the polyembryonic genotypes appear to have greater 
tolerance to salinity compared to monoembryonic types (Jindal et al. 1975). The 
polyembryonic cultivars Kurakkan and 13-1 have shown tolerance to salinity stress. 
Among the different polyembryonic mango rootstocks evaluated, Olour and 
Kurukkan have been identified as tolerant to salt stress (Dubey et al. 2006; Srivastav 
et al. 2009). The polyembryonic rootstock cvs. Bappakai and Olour (Anonymous 
1989) have also been identified as moderately tolerant to salt stress. The Gomera-1 
having ability to restrict uptake and transport of Cl and Na ions from root system to 
the aboveground parts is identified as tolerant to salinity stress (Duran-Zuazo et al. 
2003). The tolerant seedlings exhibit physiological tolerance to chloride ion con-
centrations in leaf tissues.

The rootstocks have the ability to either restrict sodium uptake or, once taken up, 
sequester sodium in vacuole or older leaves (Paranychianakis and Angelakis 2007). 
The adverse effects of salinity stress could be successfully alleviated by using toler-
ant rootstocks. The rootstock Dogridge followed by Salt Creek showed least mortal-
ity under saline conditions (8 dS m−1, Yohannes 2006). The cv. Thompson Seedless, 
grown extensively in India for both domestic consumption and export, when grafted 
on 110R (Vitis berlandieri x Vitis rupestris) rootstock showed lower accumulation 
of sodium ions and sustained the yield over a period of time (Satisha et al. 2010; 
Sharma and Upadhya 2008). It is also reported that the Thompson Seedless vines, 
on rootstock 110R, exhibited not only early and uniform sprouting but also increased 
fruitfulness under saline water (1.8 dS m−1) irrigation (Jogaiah et al. 2013). Vines 
grafted on B2-56 rootstock which is a clone of 110R accumulated considerably 
lower Na concentration (Sharma and Upadhya 2008). The rootstocks 1103P and 
110R also have shown restriction in uptake of both sodium and chloride in grape-
vines (Sharma et al. 2011). Hence, grape orchards could be successfully established 
and grown in salt-affected soils by employing tolerant rootstocks as one of the strat-
egies to overcome the adverse effects.

18.3.5  Choice of Tolerant Crops

In areas where the crops perennially face water and high temperature stresses, the 
knowledge should be shared with farmers on fruit crops which would be most suit-
able. In such circumstances, the selection of appropriate fruit species becomes very 
important. Many fruit crops are endowed with physiological and morphological 
adaptations and have capacity to withstand adverse effects of water stress. Leaf 
hairiness, hypostomatous distribution, and sunken stomata are all characteristic fea-
tures of species that exist in drought-prone regions (Clifford et al. 2002). Ber sheds 
leaves to avoid extreme water stress during summer. Pomegranate is fairly winter 
hardy and tolerant to water-deficit and high temperature stresses. It tolerates con-
centrations up to 40  mM NaCl in irrigation water (Naeini et  al. 2006). Fig has 
adopted to retain high-bound water in the tissue, by having sunken stomata, thick 
cuticle, and leaf wax coating. Aonla, being a hardy and drought-tolerant subtropical 
tree, can be grown well under tropical conditions. In salt-affected lands where 
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cultivation of annual field crops is limited, adopting relatively tolerant crops like 
ber, aonla, guava, grape, karonda, jamun, and phalsa would help in utilization of 
such lands for horticulture. These crops could be considered as candidate crops to 
face the challenges of abiotic stresses under climate change conditions.

18.4  Conclusion

Though various adaptation options like cultural practices, advanced irrigation meth-
ods, tolerant crops, or varieties and rootstocks are available, the productivity of fruit 
crops remains low in areas experiencing abiotic stresses. The main reasons are slow 
pace of adoption by the small and marginal farmers, limited awareness about the 
potential adverse effects of abiotic stresses, dearth of agroecological zone-based 
perspective plans, lack of awareness about the risks associated with horticultural 
crops, and lack of integrated location-specific modules to overcome abiotic stresses. 
Therefore, focus is required for developing integrated location-specific and 
 crop-specific adaptation strategies for various abiotic stresses. Dissemination of 
already available adaptation strategies can be taken up through location-specific 
monitoring networks and creating awareness among farmers on likely climatic 
risks. The timely availability of planting material of tolerant cultivars needs to be 
assured through proper institutional mechanism. The institutional support to pro-
vide forecast and early warnings needs to be further strengthened. Robust insurance 
policies linked to climatic risks of a region, recent weather extremes, and weather 
forecasts are very much essential.

The coping measures need to be further developed with focused research. 
Multidisciplinary efforts are needed to develop integrated adaptation strategies. 
There is an immediate necessity to enhance the genetic base through collection of 
wild and cultivated genotypes having tolerance to abiotic stresses. The identification 
of traits imparting tolerance to abiotic stresses is an important step in the process of 
crop improvement and development of tolerant cultivars. Development of trans-
genic cultivars could be an option for the genetic enhancement approaches. In the 
case of perennial fruit crops, development of transgenic rootstocks is the best option. 
Hence, the impacts of abiotic stresses on fruit crops could be overcome by adopting 
different strategies. An integrated approach with all available options is the most 
effective for sustaining production, productivity, and quality of fruit crops.
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